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1 Executive Summary for Controls SystemUpgrade Requirements

Theoriginal ALS control systemwasdevelopedusingILCs, multibus| hardware(e.g.,the collectormicro

module(CMM)), andmultibus 1l hardware(e.g.,thedisplaymicro modulesDMMSs)). Thecommunication
betweenlLCs and CMM s provided by a 2 Mb/s seriallink which is capableof linking up to 20 ILCs.

CMM providesa sharedmemoryarchitecturegor the the real time control. Comparedo todays standard
switchedEthernetat 100 Mb/s, the dataratein suchsystemss ratherlimited dueto the bottleneckof the
slow seriallink. Most importantly the presentsharedmemorysystemis not capableof providing real-
time synchronizatioracrossthe distributed system. Instead,polling hasbeenthe standardmethodused
extensvely to coordinateaeadsandwritesin theacceleratocontrol.

The future control systemfor ALS basedon a standardramework with moderncommunicatiorand
controlhardwareshoulddeliver muchhigherdatarates provide bettersignalcoordinatiorandsynchroniza-
tion of largenumberof channelsandimplementa setof standaratontrolfunctionalitiesusedoy othermajor
acceleratofacilitiesaroundtheworld.

1.1 Typesof Hardware Involved

Thepresentontrol systemsupportghe following typesof 10 hardware:

¢ analogto digital converters(ADCs) of variousbit resolution;
¢ digital to analogconverters(DACs) of variousbit resolution;
¢ digital (binary)inputsandoutputs;

o serialbusessuchRS232CandGPIB;

The control systemdor new acceleratosubsystemsand control upgradesn generalare expectedto use
somemodernreal-timesystems.Device driverswill be neededo drive all the existing typesof hardware
I0s. In addition,driversfor thefollowing typesof hardwarewill beneededasdemandedby thetheacceler
atorsystemupgrades:



¢ videocaptureandanalysishoards;
o fastADC boards;

e othersto bedetermined.

1.2 New Capabilities To Be Delivered

Besidesa high datarate,the upgradedtontrol systemshouldprovide usa setof new capabilities:

o Low-level capabilities:

— afully distributedbut integratedsystemnto allow the controlof theacceleratorsisingany control
computersn auniformmanner;

— asoftwarerampingprogramto performthetight-looprampingfor eachstepin therampatupto
100 Hz (preferablyup to 200 Hz) with capabilitiesto settheramprateandramptime constant:
e.g. magnet ramping, orbit feedback, feed-forward systems;

— synchronizedwrites acrossthe distributed systemat 10 Hz (mandatory),and preferredup to
50 Hz. All synchronizedvritesshouldbe carriedoutwithin 10 ms,preferredwithin 5 ms;
e.g. magnet ramping, orbit feedback, feed-forward systems;

— synchronizedreadsacrossthe distributed systemat 10 Hz (mandatory),and preferredup to
50 Hz. All synchronizedeadsshouldbe carriedoutwithin 10 ms,preferredwithin 5 ms;
e.g. magnet ramping, orbit feedback, feed-forward systems;

— switchingbetweersynchronizedeads/writeandperiodicreads/supervisonyrites:
e.g. magnet ramping, orbit feedback, feed-forward systems;

— afastlocal-loopcontrolusingonereal-timehostat > 100 Hz:
e.g. EPU feed-forward;

— fastdataacquisitionandwaveform capabilities:
e.g. FADs, BPMs, QFA current read-backs;

— in-memoryshort-historydatacapabilitieswith selectablevord lengthfrom 1024 to 10000:
e.g. most of channels;

— 10 Hz periodic updatecapability for ary analogmonitorsand up to 50 Hz periodic update
capabilityfor afew selectecanalogmonitors:
BPMs and power supplies;

— genericGPIB interfacefor programmingGPIB devicesin thecontrolroom:
e.g. beam-line 3.1, RF system;

— sum-junctiongor controlchannelsvhich needto be controlledby differentsubsystem:
e.g. correctors, QF and QD families;

— softwareimplementatiorof directreadsandaverageddataon the sameanalogdevice:
e.g. BPMs, power supplies;

— the sequentiatontrol capabilityusingstatemachines:
machine status updates;



— time-stampdor controlssystemdata.
¢ High level capabilities:

— abetternamecorventionfor all controlsignalsanda methodfor namealiasing;

— analarmcapabilityfor troubleshooting:
e.g. vacuum, cooling, superbends;

— dataloggingandlong-termarchving capabilitiesfor mostof channels;

— aneasy-to-us@andeasy-to-configurgraphicuserinterface(GUI):
e.g. operation, beam physics studies;

— asimpleprocesge.g.web-basedystem)or addinganddeletingsoftwarechannels:
e.g. beam physics studies;

— asimulationenvironmentwith softchannelsindread-onlyaccesso thecontrolssystemfor new
control subsystem/applicatiotievelopmentandprototypingwith no impacton the operationof
theaccelerators;

— software supportfor linking the control systemwith othersoftware packagessuchasmatlab,
labview, tcl-tk, etc. andacceleratomodelingprograms,suchas TRACY (detailsto be deter
mined).



2 Hardware Systems

2.1

Magnets

In generalthefuture controlsystemshouldprovide bettercontrolandsynchronizatiorfor performingmag-
netrampingandorbit correction.

2.2

capabilityto setramprateanda ramptime constanfor every stepin therampandfor all magnetgo
beramped.Whenthereis no ILC dedicatedor rampinga power supply eachrampingstepshould
be carriedout by anequivalentsoftwarerampingprogramin the IOC to completethe stepat 100 Hz,
preferablyat 200 Hz;

amandatoryl0 Hz (preferredup to 25 Hz) dataratefor rampingmagnetssia synchronizedvrites;

fairly precisecoordinationof all magnetpower suppliesduring the ramping. All rampedmagnets
shouldrespondo a set-pointchangewithin 10 ms, preferablywithin 5 ms;

aresetof the power suppliesshouldrampthe control voltageto zero;
amandatoryl0 Hz (preferredup to 50 Hz) dataratefor orbit correctionvia synchronizedvrites;

fairly precisecoordinatiorof all correctomagnetdo beusedfor theorbit correction.Thesecorrectors
shouldrespondo a set-pointchangewithin 10 ms, preferredwithin 5 ms;

if upgradingDACs,the correctormagnetsieedl18-bit DACs.

BPMs, IDBPMs, New IDBPMs

Most of the electronbeammotionin the ALS ring is lessthanafew Hertz. Having a 10 Hz dataacquisition
hasprovento be very effective for orbit correctionandmonitoring. The next frequeng rangeof interestis
10-50 Hz. Accessto this frequenyg rangewould allow accuratemonitoring of orbit perturbationglueto
groundvibrationsanduncompensateiisertiondevice motionupto 25 Hz.

for synchronizedBPM reads,all BPM datashouldbe readat 10 Hz (mandatory) preferredup to
50 Hz. All readsshouldbe synchronizedvithin 10 ms, preferredwithin 5 ms;

whena BPM channelis not usedfor orbit correction,this channelshouldbe periodicallyupdatedat
10 Hz (mandatory)andpossiblyupdatedatup to 50 Hz;

16-bitsADCs areOK;
bothdirectmonitoringdataandaverageddataon the sameBPM channel,
time-stampdor data;

newv IDBPMswill beaddedo the systemandthey shouldbeimplementedvith the samecapabilities
asexisting BPMs. Thesenew IDBPMs will be integratedwith the presentBPM systemfor orbit
correctionandfeed-forvard.



2.3 QFA Shunts

At presentthesamelLCs areusedfor controlling QFA family andmonitoringion gaugesandpumps.This
makescontrollingthe shuntsvery slow with up to 8 seconddelays.Reloadingthis ILC to performvacuum
work hadcausedh beamdumpduringuseroperation.

e separatiorof QFA controlsfrom ion gauge/pumgontrolsif possibleduringtheupgrade;

e 2-10 Hz updaterateon QFA shunts.

2.4 Pingerand FAD Systems

Presentlythereis no goodsynchronizatiorbetweerthe pingersystemandthe FADs. Wait statementbiave
beenusedto male surethat FADs areready Overall it takesmorethan20 secondgo ping the beamand
readbackall FADs. The goalis to malke this systema regular diagnostictool integratedwith the control
systemandwith 1 Hz performance.

e to makethe FAD dataaccessiblevia channelccess;

bettersynchronizatiorbetweerpingersandFADS;

1 Hz operationfor the pingingandFAD readingcycles;

anintegratedandlocal solutionusingonelOC for pingersand FADs controlsmay be worth consid-
erationfor bettersynchronizationln this arrangementhe FADs datacanbe dumpedto alocal disc
for laterretrieval;

animprovedtriggersystem(notfixedto theboostertrigger)is desirable.

2.5 SpecialBPMs

ThespecialBPMsareunderdevelopmentwith fastanalog-to-digitaconversioncapabilityto replacea few

existing BPMs. This systenmustbedigitizedby fastADCs andturn-by-turnsynchronizedo therevolution

frequeng. Long databuffersarepreferred.To usethis systemfor beamdynamicsmeasurementshe BPM

readsshouldbetriggeredby the pingerlike the FADs (seethe pingerandFADs systems) Fromsettingthe
pingeramplitudeto readoutthe orbit from specialBPMs, it shouldtake lessthan1 second And the system
shouldbeoperatedat1 Hz.

e 12-bitor 14-bit ADCs with 1024 word buffers, preferredwith 10, 000 word buffers;
e turn-by-turnsynchronizedvith therevolution frequeng.

¢ triggeredby thepinger;

e arepetitionrateof 1 Hz or faster;



2.6

ID Controls

The presentiD control works fine for the slow orbit feed-forvard. However to make useof the possible
movementspeedof the IDs, the feed-forward algorithm shouldbe spedup. To accomplishthis, a faster
read-backateis necessary

2.7

2.9

afastemread-backateat 30 Hz (mandatory)preferredat 50 Hz;
thevelocity profilesshouldbe mademodifiableandreadable;

with the optimizedorbit feed-forvard,the ID gapoperations expectedo bespedup.

Beam-line3.1and Streak Camera

driversfor 6 steppemotors;
four genericGPIB interfaceswith ability to readwaveforms;
about10 analoginputswith 16-bit resolution;

videodigitizer at 60 Hz (or fastestwvithin reason);

RF System

duplicateexisting channelswith existing read-backates;
genericGPIB interfacecapability;

provide a high bandwidthtrip diagnosticsystemwith 8 input channels.This systemwould recorda
few signalswith a high samplingrate( 20 kHz or so) andstoprecordingwhena beamtrip signalis
present.

Harmonic Cavities

duplicateexisting capability;

genericGPIB interfacecapability

2.10 RF Synthesizer

Currently theuseroperatiorof ALS usesahigh performanceédP synthesizerHP8644B to minimizetheRF
phasenoise. However, without FM-ing, this synthesizecannotchangethe RF frequeng without causing
beamlosses.The goalis to usethe samesynthesizefor all modesof operationsncluding useroperation,
ring setup,andbeamdynamicsstudies.



¢ to useHP 8644Bfor both the useroperationand acceleratophysicsexperiments.An external DC
sourcefrom a 16-bit DAC will neededo continuously=M-ing thefrequeng;

¢ to calibratethefrequeng controlchannelusinga high precisionfrequeng counter;

e to provide controlsof HP 8644Bin the controlsystem.

2.11 VideolInterface

The presentvideo signal relatedsystemis capableof remotelyswitchingmostvideo signals. The video
signalscanbe capturedusinga frame grabberon a PC in the control room. The video imageanalysisis
provided by the Spiricon LaserBeamAnalyzer (moduleLBA-100A) andthe resultis displayedby a PC
monitor The Spiricon solutionis unacceptabldecausdt hascurrentdependeng provides no real tilt
information,andis difficult to optimize.

Thefuturevideosubsystenshouldsupportthe following functionalities:

e capturinganddigitizing ary selectedrideoimages;
¢ displayingasubsebf “live” videoimageson ary controlcomputer;
e saving/retrieving videoimagesandvideo sequencesto/fromfiles;

¢ analyzingary selectedivedvideoimagesandmakingtheresultof thevideoanalysisavailablewithin
the controlsystem.

2.12 Tune & Chromaticity MeasurementSystem

Theexistingtunemeasuremerdystenis astand-alonsystemmplementednaPCusinglabview via GPIB
interface. This tunemeasuremertannotbe remotelystartedandthe systemprovidesno informationabout
whenatunemeasuremerttasbeencompleted.A usertypically combineswaiting andpolling technicsto
insurea correctmeasuremenbDueto thelack of synchronizatiorwith the maincontrol systemthe present
tunemeasuremens very slow andunreliable.

¢ theexistingtunemeasuremergystemshouldbefully integratedinto the controlsystem;
¢ thecontrolsystemshouldbeableto setthe measuremergarameterandstartthe measurement;

¢ therevolutionfrequenyg shouldbereadinto the systemfor computingtunes;
In thefuture,two new tunemeasuremerdystemswill bedeveloped:

¢ aphase-lockdloop systenmfor continuousunemeasurement@letailsto be determined);

e apingerbasedune measuremergystemto measureéboth tunesand chromaticities. Somesoftware
developmentefforts areneededseePingerandFAD systems).



2.13 General PurposeChannels

Although somesparecontrol channelsare physicallyavailablein the control racks,they arenot presenin
the controlsystem.In the future,a numberof differenttypesof generabpurposechannelshouldbe readily
availablein the controlsystem.The upgraderequirementncludes:

¢ to implementsereral (4-8) DAC and ADC channelsper groupof control racksinsidethe shielding
wall. Onthehardwareside,to implementsomestandaretonnectorgsuchasBNC) for connectingig-
nalsto the controlsystem.Onthe softwareside,all generapurposechannelshouldbeimplemented
in thedatabaseavith assignedignalnames.

¢ to implementseveralwaveformread-baclchannelsisingfastADCs at selectedocations;
¢ to developageneraburposeGPIB device/driver programfor controlling GPIB devicesasneeded,;

e to establistseveralgenerapurposeGPIB connectionsandrelatedhardwareat selectedocations.

2.14 Injector System

Sooneror later, theboostercontrolsystemmustbeupgradedasit is almost10 yearsold. As foundoutmary
yearsagothatthe linear correctionfor the magnetrampingis not sufficient. Currentlywe have 100 ramp
pointsat3 msperstep.

o for the booster to provide for the linearity correctionfor the quadsand correctors. A 1024-step
rampingtableshouldbe developedandall controlsbe setwithin 300 us.

¢ to investigaterampingthe mainboostemagnetaisingcontrolledwaveformgenerators;
e morediagnosticareneededor theboostering andlinac (to bedetermined);

¢ for linac, alive monitorin the controlroomfor the phaserelationbetweenhe injectedbeamandthe
acceleratindRF wave is desirable.

2.15 Vacuum,Cooling, and Interlock Systems

Most of the vacuumandcooling systemchannelsarenow accessiblezia ChannelAccess(CA). However,
thereareafew channelsvhichremainunaccessiblgia CA.

¢ male all existing channelsaccessibleria CA,
¢ addall interlock systemstatedo the controlsystemfor monitoring;

e setproperalarmstatesfor the vacuumand cooling systemsignalsandto usean alarm handlerto
monitorthe change®f thealarmstatef thesesystemsaswell asthechange®f statein theinterlock
system.



3 Control Applications

3.1 Machine Operation and Setup

Machineoperatiorandsetuprequireasetof critical systemgo beoperationa(seethelist belon). However,
agoodoperationdepend®n all thesystemsnentionedn this documento befunctional.

e Hardwaresystems:

— Magnets;

— QFA shunts;
BPMsandIDBPMs;
Tunemeasuremergystem;

Main RF controls;

Harmoniccavity controls;

Insertiondevice controls;

Analogread-back$or magnetsyacuum etc.;
¢ ControlApplications:

— rampingapplication;
— orbit andtunefeed-forvard system;
— slow orbit feedback;

e Otherdedicatedsystems:

— transersefeedbacksystem;
— longitudinalfeedbacksystem;

3.2 Slow Orbit Feedback

Slow orbit feedbaclkcorrectsfor orbit distortionscausedy magnefield drifts dueto temperaturevariation,
errorsin theinsertiondevice feed-forvardtables etc.. Presentlyrunningat0.1 Hz, thefuture systermshould
be capableof correctingat least10 Hz (mandatory)and preferred50 Hz orbit errorsby coordinatingthe
BPM readsand correctorwrites. SeeMagnetand BPM systemdor requirement®n the BPM readsand
correctorwritesrequirements.

e summingunctionsfor correctorchannelsothatfeedbaclandfeed-forvard systemsanusethesame
magnets.



3.3 Orbit Feed-brward

The orbit feed-forward systemis currentlyusedto compensat¢he local orbit changedueto the operation
of theinsertiondevices. Withoutknowing thecomputerdelaysin thefeed-forward system(sequenceiOC,

CMM, ILC, power supplies) the feed-forward algorithmhasnot beenoptimizedto allow fastermovement
of theinsertiondevices. Usingthe measurearbit perturbatiordueto the existing feed-forvard systemthe
insertiondeviceshave beensloveddown to aboutl mm/s.

¢ aneedto quantifythetime delaysin theorbit feed-forward system;

¢ to optimizethefeed-forward algorithm;

¢ to provide software addingjunction (a very high priority ) to allow the correctorsan the orbit feed-
forward systemto beusedin the globalcorrectionschemeat the sametime;

¢ EPUandsimilarfutureinsertiondevicesrequireafastfeed-forvardat 100 Hz, whichcouldberealized
locally.

3.4 TuneFeed-brward and other Feed-brward Systems

Thetunefeed-forvard is a new applicationto be implementedo compensatéor the tunechangesiueto
the operationof the variousinsertiondevices. This systemwill readbackthe insertiondevice positions,
computethe necessarghangesieededor quadrupolenagnetsandthenchangetheir settings. The tune
feed-forvard systemcan be implementedusing a local schemefor eachinsertiondevice or a combina-
tion schemeof local/globalcorrections.In addition, this systemmay be coordinatedvith othersystemdo
provide chromaticitycorrection,couplingcorrection,etc.. Becausef the compleities of this system pro-
totyping of the feed-forward algorithmshouldbe worked out first by the physicsgroup,andthe significant
level of involvementfrom the physicsgroupwill be neededn implementingthis systeminto IOC.

o the opening/closingf the insertiondevices shouldcausethe tunefeed-forvard programto be acti-
vated;

e alocalor local/globaltuneforwardalgorithmto bedeveloped;
e sumjunctionsfor controlling QF, QD, correctorsetc..

o otherfeed-forward systemdor correctingchromaticitiescoupling,etc. (detailsto be determined).
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4 High Level Control Applications

4.1 Data Acquisition and Ar chiving System

Currently thereis no waveform capability and short history datacapabilityin the EPICS basedcontrol
system. Almost all ALS channelsare archved every 3 minutes. The archived dataare not available for
analysisonthe sameday

Thefuture control systemshouldprovide the following threedifferentlevels of dataacquisition:wave-
form data,shorthistory data,andarchved long-termdata. The waveform providesa way to acquirefast
datafor shortdurations. The setof dataarereadout by the a fastdataacquisitionsystemdeplg/ed for a
particularapplication.The softwaresupportshouldprovide a uniforminterfaceto deliver scoperacegread
by a scopeandinterfacedby a serial bus suchas GPIB) and the waveform datafrom a fast ADC and/or
transientdigitizer. Theshorthistorydatasampledatafew Hz would extendthe coverageto tensof minutes
to provide for the recenthistory of the operation. The shorthistory datacanbe cachedin the real-time
hostmain memoryanddeliveredthroughthe samewaveforminterfaceto the operatorinterface(OPI). An
archver is usedto log the long-termdataat muchlower datarate. The usershouldbe ableto accesshe
loggedlong-termdatausingthe sameinterfaceasfor thelive data.

o Waveformdata:

— hardwaredriversfor variousscopesfastADCs, andtransientigitizers;

— thedatarateshouldbe determinedyy the hardwareused;

— astandardsoftwareinterfaceto readanddisplayarny numberof waveforms;

— awaveformtool to analyzethewaveformdatawith FFT andcorrelationanalysiscapabilities.

¢ Shorthistorydata:

sampledatafew Hz (1 to 10 Hz) for any analoganddigital channels;
with avery low overheadby collectingdatafrom the existing channels;
selectablalatalength(from 1024to 16384);

time-stampdor dataarray;

e Archiving data:

— time-stampediata;

— archving usingarealdatabaséor easyretrieval;

— providing astandardnterfaceto the OPI;

— configurableupdateintenalsfor archived channels.

4.2 Alarm Handler

The alarmhandlingcapabilityis not availablefor the signalsin ILCs andnot implementedor the signals
underthe EPICScontrol. In the future, alarmstateswill be usedto preventhardwaretrips andto diagnose
beamlossevents.
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to provide alarmcapabilityfor all controlchannels;

to implementalarmstatesn all controlsignalswhenappropriate;

to implementanalarmhandlerto monitorthe alarmstates;

to implementstatemachinedo analyzeandreportcomple statechangedo thealarmhandler

4.3 UserlInterface

The Web basednterfacebetweenthe usersand operationds not adequate A high performancenterface
betweerthebeam-linesandacceleratorshouldbe developedto facilitatethe sharingof theinformation.

¢ theimportantbeam-linedata(suchasthe beammotion) shouldbe madeavailableto the accelerator
controlsystem;

¢ critical acceleratooperationdatashouldbe sharedwvith beam-lineusers;

e mostof thedatasharingwill beread-onlyandadedicatedOC canbeusedto provide cacheddatafor
sharing,anadditionallevel of security andeasyconfigurationchanges.

4.4 Operator Interface

Presentlyalarge numberof OPI programsausedfor thedaily operationrdepend®n DMM. Recognizinghat
DMM will beretiredin the nearfuture, efforts will be neededo make surethatall OPlwill accesglatavia
channekccess.

e asetof standardibrariesin C for accesshe controlsystem(e.qg. librariesfor CA andSCA);

¢ to usethestandardePICSGUI tool to develop/redeelop the operatolinterface.

4.5 Machine States

Many instrumentsat ALS have to be put into a known statefor themto function properly Examples
includeBPMs, IDBPMs, DCCT2,tunemeasuremergystemBL 3.1, etc.. Thereforesetting,recalling,and
archving thesestatesarecritical to reliableoperatiorof ALS. At presentt is quitedifficult to recallthestate
of theacceleratorsBasicstatessuchaswhatis theenegy or whetherthe storageing is setup for injection
or for aproductionuserrun canbe guessedrom settingsof variouscontrol systemchannelgor from saved
files by matlabapplications) However, sincethepresentontrolsystemis notdesignedn anobject-oriented
manney thereis no systematiowvay to associatesystemstateswith a particularhardware instrument. In
addition,theacceleratooperationgeneratea numberof higherlevel statesn highlevel applicationsvhich
typically control a setof channeldrom several hardware subsystemsFor example,whenall magnetsare
normalizeda high level stateof normalizedmagnetds generated.Thereis no mechanisnin the present
systento recordsuchahigh level state.

¢ implementmorelow level statesvhenpossiblefor hardwareinstruments;
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¢ implementsoftchanneldor recordingthe high level states;
¢ usemachinestatedor alarmhandling;

e archve machinestates.

4.6 SignalName Convention and Name Server

The presentsignal namecornvention was adoptedin the early stageof the acceleratorconstructionand
controlssystemdevelopment. The namecornvention hassened the PC basedcontrol systemreasonably
well sincea small numberof developerswho needto useit on the regular basiscanafford the time to get
familiarizedwith the corvention. However, for acceleratophysicists,operatorsandbeam-lineuserswho
do not have extensve knowledgeof signalnamesthe signalnamesremaintoo abstractandtoo short. To
furthercomplicatethe matter meaninglessinderscorefave beenusedto fill the namefieldsin thechannel

accessignalnamesvhenmappingthe signalsfrom CMM to EPICS.

It is thetime to develop and adopta nev namecorventionwhich is baseduponthe acceleratosub-
systemsandbeam-linesothatsignalscanbe namedaccordingto their primary usesn the control system.
In addition,a namealiasingprocedureshouldbe developedfor the compatibility betweenthe old andnewn
signalsnames,andfor the individual beam-lineso usea setof local names. In addition,a namesener
(with awebbasednterface)shouldbe developedto resole theindividual fieldsin the signalnamesandto
provide detailedinformationaboutthe signal(suchasthefull contentof the processrariableasseenby the

real-timesystem).
¢ to developandadopta newn controlsignalnamecorvention;
¢ to developaneasy-to-us@amealiasingmechanism;

¢ to develop a namesener to resole signal names,provide searchingcapabilities,andto supply a
completesetof theinformationfor a signalto be queried.
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5 New Systemsand Operation Mode

5.1 Superbends
Thedetailsof the superbendontrol have beendocumentedby the superbengower supplycontrolsspeci-
ficationsof 5/17/99version0.90. A brief summaryof the controlrequirementccordingo this documenis

here:

e thecontrolinterfaceis DeviceNet2.0;

binary controlsfor switchingon/ofi, resetrebootthe power supplyandrelatedbinary monitors;

18-bit DACsand16-bit ADCs;
¢ asoftwarerecordto performramping;

relatedPLC interface.

5.2 Top-off Mode Operation

Thetop-off operationis a new modeof operation.To successfullyoperatethe storagering andits injector
in thetop-of mode,theinjectionto the storagering hasto be completelyautomated.

¢ Upgraderequirementgor thebooster:

atuneandchromaticitymeasuremergystemfor the booster;

orbit measuremerdandfeed-forvard system;

acurrentmeasuremergystems;

anopticaldiagnosticsystemfor monitoringthe beamtrajectoryandbeamprofile in BTS;

animprovedfeedbackor the beamtransportine;

improved rampingproceduresisingnen rampingtableswith morepoints;

the controlof the bunchcurrentin thebooster;
¢ Upgraderequirementor thestorageing:

— aupgradednjectiontiming systemwith the computetlinterface;

— a“bunch currentequalizer’which measureghe bunch patternandfills the buckets with the
lowestcurrent;

— aninterlocksystemfor badinjection;
— bettercontrolsfor theinjectorbumps,andcontrolsfor potentialnew injectionkicker(s);
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5.3 Narrow Gap ID

A narrav gapinsertiondevice is afutureinsertiondevice usedto produceultra-shortpulseX-rays.

¢ mostof thecontrolwill bethesameastheotherlDs, detailsto bedetermined.

5.4 PhotonBPMs

ThephotonBPMsarevery importantdiagnostidoolsto be developedto provide live dataon thetranserse
beamprofilesand beamcentermovementusing synchrotronradiation. This systemconsistsof a pinhole
arrayimaging systemfor beamprofile measuremerdnda double-bladesystemfor vertical beammotion
measurementThe control systemrequirementletailsfor this systemarestill to be worked out. However,

thefollowing controlsfeaturesarerequired:

controlsfor filter motors;

controlsfor aframegrabber;

videoimageanalysiscapability;

full integrationof this systemwith therestof the controlssystem.
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